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RESEARCH ARTICLE  
 
Abstract 
First insemination success is considered as good indicator of heifer fertility to ensure renewal of dairy herds. The 
objective of this study was to determine the relationship between first insemination success and biomarkers of 
oxidative stress (OS). A total of 25 heifers were divided into two groups according to their success at first 
insemination: group FS+ (heifers that were pregnant at first service, n = 14) and group FS- (heifers that were not 
pregnant at first service, n = 11). The serum of these two groups were analyzed for malondialdehyde (MDA), 
glutathione S-transferase (GST), reduced glutathione (GSH), glutathione peroxidase (GPx), catalase (CAT), 
myeloperoxidase (MPO), nitric Oxide (NO) and superoxide dismutase (SOD) as oxidative stress biomarkers and 
biochemical parameters. Heifers in the group FS+ showed no significant difference in all OS parameters 
compared to heifers in the group FS-. The OS parameters showed almost similar values in both groups except for 
GST and CAT where the difference was at the limit of significance. The plasma concentration of OS biomarkers 
assessed in our study were not related to first service success in heifers. Further studies are needed to clarify the 
role of oxidative status in the reproductive performance of heifers. 
  
Keywords: Dairy heifers, success at first service, oxidative stress. 
 
INTRODUCTION 
Improvement of the dairy herd is possible when cull cows are replaced by well-
behaved two-year-old heifers. Therefore, a great way to improve herd production 
is to mate cows with the best bulls available, then feeding, leading the 
replacement, then reaches their true potential at an optimal time. Overall, the goal 
of any heifer development program, from weaning to breeding, is to get animals 
to mature, show cyclicity and maintain gestation (Pryce et al., 2004). However, 
heifer conception failure appears to be a major problem for cattle herds where 
many factors can be involved such as oxidative stress (Donovan et al., 2003, 
Vedovatto et al., 2019). When an organism contains more oxidants or free radicals 
than the body can neutralize than oxidative stress occurs. Oxidative stress is the 
consequence of an imbalance between oxidants and antioxidants in which oxidant 
activity exceeds the neutralizing capacity of antioxidants (Celi, 2011). Oxidants 
negatively affect animal health and reproduction, and cause tissue damage. The 
oxidative stress has been postulated to play a role in reproduction and might 
compromise animal welfare and health and any clinical situations in dairy cows 
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(Vedovatto et al., 2019). Oxidative stress is described in lameness (Abuelo et al., 2016b), foot-and-mouth disease 
(Nath et al., 2014), Brucellosis (Bozukluhan et al., 2018), in hemolytic infections during Babesiosis in cattle (Doyle 
et al., 2016) and in calves (Salem et al., 2016). Furthermore, reactive oxygen species affects multiple physiological 
processes from oocyte maturation to fertilization, embryonic survival and development, and pregnancy 
maintenance (Vedovatto et al., 2019). Indeed, the number of mitochondria in the oocyte is 100 times higher than 
that of somatic cells, which shows the need to produce energy drastically for cell growth and differentiation 
(Takahashi, 2012). Most likely the greatest threat to successful reproduction is molecular damage (oxidative stress) 
to the oocyte (or sperm) resulting from locally-generated free radicals and reactive oxygen species (Reiter and 
Sharma, 2021). Improving reproductive efficiency has a positive impact on milk flow and subsequently increases 
the herd and number of heifers which outperform their dams and can also replace infertile cows. Thus, in heifers, 
success at the first insemination is one of the major indicators of fertility (Donovan et al., 2003). The present study 
was planned with the view of the possible oxidative stress involved during transition period; it was decided to 
estimate the levels of malondialdehyde (MDA), glutathione S-transferase (GST), reduced glutathione (GSH), 
glutathione peroxidase (GPx), catalase (CAT), glutathione peroxidase (MPO), nitric Oxide (NO) and superoxide 
dismutase (SOD) as parameters of oxidative stress and antioxidant status in groups of pregnant and non-pregnant 
heifers at first service.     
 
MATERIALS AND METHODS 
 Ethical approval 
 The experiment was carried out in accordance with the guidelines laid down by the Directive 2010/63/EU of 
the European Parliament for Animal Ethics Committee for the use of animal experimentation. 
 
 Study design and animals  
 The study was conducted in the month of May 2017, in the Technical Livestock Institute (ITELV) located in Baba 
Ali; Algiers (Algeria) who plays a main role in the development of breeding practices. Twenty-five (n=25) healthy 
Holstein and French Montbeliard dairy heifers with an average (±DS) age at first service 19.71±2.23 months, were 
used in the present study. All animals were kept under identical conditions of feeding and reproductive 
management. The cows were tied to stalls and exercise was allowed in a large paddock. Grass, hay, and concentrate 
were fed every day. Two groups of heifers were formed: the pregnant heifers at the first service (group FS+, n=14) 
and the non-pregnant heifers at the first service (group FS-, n=11). In this study, all cows were managed as a single 
group and were under the same nutritional conditions. 
 
 Blood sampling 
 Blood samples were obtained by coccygeal venipuncture into heparinized tubes. Tubes for plasma collection 
were rapidly cooled on crushed ice and transported to the lab, where they were centrifuged at 3000 × g for 10 min 
at 21±2 °C and the supernatant plasma was frozen at −20°C until analysis, one month after collection. 
 
 Biochemical parameters and oxidative stress analysis 
 All plasma analysis was assessed by spectrophotometry (Jenway spectrophotometer, UK) and the biochemical 
parameters with (AE-600 Biochemical analyser, Erma inc. - Japan). Common plasma biochimical parameters, i.e. 
glucose (Glu), cholesterol (Chol), triglycerides (Trigly), total lipids (Lip T), albumin (Albu), total proteins (Prot T), 
calcium (Cal), creatinine (Crea), Direct Bilirubin (DB), Total Bilirubin (TB) alanine aminotransferase (ALT), 
aspartate aminotransferase (AST) and alkaline phosphatase (ALP), were measured using standard commercial kits 
(SPINREACT, Sant Esteve De Bas (GI). SPAIN). Normal and pathological calibrator serum (Cypress Diagnostics; 
Nijverheidsstraat 8, 2235 Hulshout, Belgium), were used before running the samples. 
  
MDA concentration 
 Plasma MDA concentration (µmol/mL) was measured according to the method of Ohkawa et al. (1979). An 
aliquot of 100 µL of plasma was added to a reaction mixture containing 50 µL of 8.1% sodium dodecyl sulfate, 375 
µL of 20.0% acetic acid (pH 3.5), 375 µL of 0.8% thiobarbituric acid. Samples were then boiled for 1h at 95 °C and 
centrifuged at 3000 g for 10 min. The absorbance of the supernatant was measured at 532 nm, and MDA content 
was expressed as µmol/ml (ε = 1.56 × 105 mmol/L/cm). 
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 Glutathione S-Transferase (GST) Activity 
 The activity of GST was measured according to the method of Habig et al. (1974). The reaction mixture consisted 
of 830 µL of sodium phosphate buffer (0.1 M; pH 7.4), 100 µL reduced glutathione (0.1 M), 20 µl of plasma and 50 
µl of 1-chloro 2,4-dinitro benzene (0.02 M). The enzyme activity was expressed as nmol glutathione oxidation per 
minute at 25 °C. It was calculated using a molar extinction coefficient of 9.6 × 103 M−1 cm−1 with 340 nm 
wavelength. 
 
 Reduced Glutathione (GSH) Assay 
 Plasma glutathione content (nmol/mL) was evaluated by the method of Boyne and Ellman (1972) by measuring 
the absorbance of free thiol (SH) groups at 412 nm. One hundred and fifty mL of plasma was mixed with 300 mL of 
0.25% sulfosalicylic acid and followed with incubation at +4°C for 1h. Afterward, all will be centrifuged at 3000 g 
for 10min at room temperature. Two hundred mL of the resulting supernatant containing free SH groups was mixed 
with 100 mL of 0.004% 5,5′ dithiobis2-nitrobenzoic acid (DNTB) and 800 mL of 200 mM phosphate buffer, 
pH=8.The values were expressed as mmol mL−1 where ε = 13.6 mmol mL−1. 
 
 Glutathione peroxidase (GPx) activity 
 The plasma glutathione peroxidase (nmol/mL) activity was determined according to the method of Flohe and 
Gunzler (1984). The rate of oxidation of GSH by H2O2 was used as measure of GPx activity. Reaction mixture of 1 ml 
was prepared which contained 0.3 ml of phosphate buffer (0.1 M, pH 7.4), 0.2 ml of GSH (2 mM), 0.1 ml of sodium 
azide (10 mM), 0.1 ml of hydrogen peroxide (1 mM) and 0.3 ml of plasma. After incubation at 37C for 15 min, 
reaction was terminated by the addition of 0.5 ml of 5% TCA. Tubes were centrifuged at 1500g for 5 min and the 
supernatant was collected. Totally, 0.2 ml of phosphate buffer (0.1 M, pH 7.4) and 0.7 ml of DTNB (0.4 mg/ml) were 
added to 0.1 ml of reaction supernatant. After mixing, absorbance was recorded at 420 nm (Djeffal et al., 2015). 
 
 Catalase (CAT) Activity 
 Catalase activity was evaluated according the method of Aebi (1984) by measuring the rate of decomposition of 
substrate H2O2 as determined by a decrease in absorbance at 240 nm every 30 seconds over 3 min. Catalase levels 
were expressed as mmol/min and CAT activity was defined as the amount of enzyme that decompose 1 µmole H2O2 
per second at 25°C. 
 
 Superoxide dismutase (SOD) activity 
 The plasma activity of superoxide dismutase (SOD) was determined by the method of Marklund and Marklund, 
(1974). The assay is based on the ability of SOD to exhibit the autooxidation of pyrogallol in presence of EDTA in 
the pH 8.2 is 50%. SOD activity was expressed as units/ml. One unit of SOD activity being defined as amount of 
enzyme required to cause 50% inhibition of pyrogallol autoxidation. 
 
 Myeloperoxidase (MPO) Activity 
 The activity of plasma myeloperoxidase (MPO) was evaluated as described by (Bradley et al., 1982). The sample 
was mixed with a substrate solution consisting of H2O2 (4 mM) and O-dianizidine (0.167 mg/ml) diluted in 0.05 M 
phosphate buffer, pH 6.6. Absorbance was measured at 450 nm. The results were expressed as a change of fold 
relative to the control. 
 
 Nitric Oxide (NO) 
 Nitrite levels in plasma were performed using Griess method reaction (Jie et al., 2003). The sample were mixed 
with Griess reagent containing 5% sulphanilamide and 0.5% napthylethylenediamine dihydrochloride and 20% 
HCl. The optical density was measured at 543 nm after incubation at ambient temperature for 20 min. The nitrite 
concentration was calculated using sodium nitrite as a standard and it was expressed in µmole. 
 
 Statistical analysis 
 The normality of data was tested by the Shapiro-Wilk test. To evaluate the significant difference between the 
groups the data were analyzed by using Student’s t-test. Differences were considered significant at p<0.05. 
Pearson’s correlations between oxidative stress and biochemical parameters were calculated in the two groups. 
Statistical significance of the correlation coefficients was tested at the level of p<0.05 and p<0.01. Software SPSS for 
Windows (version 20.0; SPSS Inc., Chicago, IL, USA) was used for statistical evaluation of the results. 
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RESULTS AND DISCUSSIONS    
 A total of 25 heifers were sampled in the present study. According to their success at the first insemination, two 
groups of heifers were distinguished: group FS+ (n = 14) and group FS- (n = 11). A description of the concentrations 
of Serum concentration of MDA, GST, GSH, GPx, CAT, MPO, NO and SOD according the two groups are presented in 
Table 1 (mean±SEM). There were no statistical differences in the oxidative stress parameters between investigated 
categories. Nevertheless, MDA, GST and SOD tended to present highest values in group FS+ compared to group FS- 
(69.91±0.46 vs 64.03±0.55 µmol/ml, 15.41±0.06 vs 12.84±0.08 and 109.30±0.34 vs 104.18±0.42 respectively) 
especially for the GST activity (P = 0.050). The opposite pattern was observed in CAT and MPO activities where the 
lowest values were recorded in group FS+ (1.53±0.01 vs 2.08±0.02 and 2.40±0.02 vs 2.81±0.03 respectively) 
particularly in cat activity (P = 0.050). The results also showed that there is a great similarity group FS+ compared 
to group FS- concerning the values of GSH, GPx and NO (25.23±0.17 vs 25.31±0.25; 0.08±0.00 vs 0.08±0.00 and 
28.25±0.10 vs 28.39±0.31 respectively). 
 























69.91±0.46 15.41±0.06 25.23±0.17 0.08±0.00 1.53±0.01 2.40±0.02 28.25±0.10 109.30±0.34 
Group 
FS- 
64.03±0.55 12.84±0.08 25.31±0.25 0.08±0.00 2.08±0.02 2.81±0.03 28.39±0.31 104.18±0.42 
P 0.523 0.050 0.982 0.838 0.050 0.362 0.967 0.435 
 
 The correlation coefficients were calculated between the serum oxidative stress biomarkers and biochemical 
parameters and were presented in Tables 2 and 3, respectively. In group FS+, a significant positive correlation was 
observed between the MDA concentration with MPO, Chol and Prot T; likewise, between concentration MPO with 
Glu and Prot T; then between NO concentrations with Creat. On the other side, a significant negative correlation was 
found between GPx with Cal and DB; as well as between SOD with Chol. However, in this group no significant 
correlation of GST, GSH and CAT with other biochemical parameters was found. Unlike group FS+, all biomarkers of 
oxidative stress showed a significant correlation. As in-group FS+, in-group FS- there was a significant positive 
correlation between MDA with Chol and Prot T nevertheless the correlation was significantly negative with GPx and 
ALB. The results showed also that there was a significant positive correlation between GST with CAT; GSH with GPx 
and NO; MPO with NO; SOD with Creat. There were positive correlations between NO with Creat  and negative 
correlations with Glu.
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Table 2. Correlation levels between plasma oxidative stress biomarkers and biochemical parameters in group FS+ 
 
 MDA GST GSH GPx CAT MPO NO SOD GLU CHOL TRIG LIPI T ALB PROT T Cal CREA GOT GPT DB TB ALP 
MDA 1 0.313 0.517 -0.029 -0.309 0.549* 0.020 -0.026 0.499 0.579* -0.426 0.262 -0.280 0.691** 0.104 0.444 -0.394 -0.481 0.285 0.316 0.210 
GST  1 0.306 -0.419 0.080 -0.191 -0.153 0.137 -0.038 -0.052 -0.161 -0.160 -0.206 0.314 0.419 0.151 -0.371 0.375 0.205 -0.337 0.205 
GSH   1 -0.085 -0.211 -0.030 0.407 0.535 0.002 0.197 0.295 -0.218 0.348 0.219 0.213 0.493 -0.079 -0.131 0.091 0.237 0.241 
GPx    1 -0.279 -0.247 -0.165 -0.096 0.540 0.209 0.250 -0.028 -0.265 -0.743 -0.846* 0.104 0.482 -0.602 -0.944** 0.459 -0.224 
CAT     1 -0.189 0.132 -0.144 -0.303 -0.453 -0.233 -0.390 0.280 -0.220 -0.115 0.391 0.330 0.023 0.006 -0.321 -0.351 
MPO      1 0.216 -0.443 0.616* 0.422 -0.326 0.414 -0.509 0.635* -0.111 0.379 -0.545 -0.563 0.410 0.493 -0.035 
NO       1 0.415 0.246 -0.082 0.340 0.194 -0.005 0.057 -0.269 0.643* -0.251 -0.286 0.162 0.160 -0.206 
SOD        1 -0.346 -0.605* 0.529 -0.242 0.249 -0.516 -0.059 0.127 0.278 0.017 -0.263 -0.372 0.103 
GLU         1 0.568* -0.390 0.526 -0.742** 0.545* -0.367 0.548* -0.696** -0.442 0.053 0.288 0.099 
CHOL          1 -0.318 0.612* -0.178 0.721** 0.109 0.220 -0.304 -0.225 0.311 0.598* 0.186 
TRIG           1 -0.304 0.394 -0.473 -0.071 -0.179 0.279 -0.038 -0.299 0.188 -0.240 
LIPI T            1 -0.432 0.421 -0.217 0.253 -0.454 -0.177 0.289 0.260 -0.047 
ALB             1 -0.329 0.251 -0.202 0.678* 0.197 -0.084 0.049 -0.134 
PROT T              1 0.319 0.359 -0.671* -0.085 0.597* 0.435 0.080 
Cal               1 -0.299 -0.181 0.500 0.657* -0.273 0.424 
CREA                1 -0.290 -0.217 0.000 0.172 0.212 
GOT                 1 0.153 -0.545 -0.040 -0.001 
GPT                  1 -0.545 -0.335 0.420 
DB                   1 -0.015 0.044 
TB                    1 -0.266 
ALP                     1 
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Table 3. Correlation levels between plasma oxidative stress biomarkers and biochemical parameters in group FS- 
 
 MDA GST GSH GPx CAT MPO NO SOD GLU CHOL TRIG LIPI T ALB PROT T Cal CREA GOT GPT DB TB ALP 
MDA 1 0.002 -0.118 0.838** 0.004 -0.068 -0.283 0.043 0.358 0.719* 0.114 0.523 -0.666* 0.841** -0.548 -0.089 -0.169 -0.132 0.318 0.472 0.524 
GST  1 -0.029 0.162 0.766** 0.175 0.156 -0.052 0.239 0.169 0.120 -0.274 0.023 0.016 -0.282 -0.138 -0.060 0.035 0.098 0.165 -0.139 
GSH   1 0.738* 0.069 0.574 0.657* 0.490 -0.416 -0.169 0.543 0.147 0.308 -0.141 0.154 0.385 0.087 0.049 -0.335 -0.165 -0.178 
GPx    1 0.276 0.068 0.068 0.174 0.173 0.520 0.410 0.353 -0.078 0.524 -0.160 0.026 -0.509 -0.121 -0.177 0.258 -0.078 
CAT     1 0.014 0.130 -0.030 0.252 0.269 0.063 0.061 0.047 -0.094 -0.225 -0.025 -0.257 0.484 0.346 0.130 0.058 
MPO      1 0.765** 0.429 -0.591 -0.214 0.102 -0.099 0.041 -0.111 0.116 0.257 0.509 -0.029 -0.172 -0.209 0.007 
NO       1 0.448 -0.671* -0.139 0.376 0.043 0.318 -0.362 0.026 0.631* 0.512 -0.138 -0.333 -0.346 0.134 
SOD        1 -0.472 -0.377 0.435 -0.159 0.034 -0.173 0.000 0.651* 0.187 -0.044 0.195 0.385 -0.140 
GLU         1 0.527 0.082 0.248 -0.585 0.616* -0.030 -0.450 -0.162 0.196 0.161 0.047 0.205 
CHOL          1 0.236 0.575 -0.556 0.647* -0.411 -0.160 -0.025 -0.165 0.136 0.107 0.682* 
TRIG           1 0.053 0.014 0.172 -0.146 0.289 0.367 -0.304 -0.031 0.192 -0.048 
LIPI T            1 -0.369 0.566 -0.291 0.264 -0.072 0.373 -0.084 -0.300 0.772** 
ALB             1 -0.701* -0.094 0.027 -0.173 0.026 -0.129 -0.033 -0.637* 
PROT T              1 -0.433 -0.253 0.049 -0.008 0.145 0.172 0.458 
Cal               1 0.067 0.139 0.052 -0.424 -0.520 -0.165 
CREA                1 0.187 -0.176 -0.298 -0.201 0.368 
GOT                 1 -0.180 -0.059 -0.323 0.207 
GPT                  1 0.424 -0.152 0.015 
DB                   1 0.711* -0.056 
TB                    1 -0.299 
ALP                     1 
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 The present work evaluated serum oxidative stress biomarkers as well as metabolic parameters in successful 
and unsuccessful heifers at first insemination. In several biological processes, redox balance is essential, but if there 
is an imbalance between the production of pro-oxidants and the body's antioxidant capacities, SO can develop, 
which has been associated with immune and metabolic dysfunction (Abuelo et al., 2019, Ling et al., 2018). In our 
study, no significant statistical difference was recorded between the two groups for all SO parameters. In fact, MDA 
is a major metabolite produced by lipid peroxidation. It is often used as an indicator of membrane integrity and 
oxidative stress. The results found in our study were similar to those obtained by (Celi et al., 2012) and (Boudjellaba 
et al., 2018) in cows. In the same way in buffaloes, no significant differences were observed in mean MDA or NO 
values between females that presented oestrus but failed to conceive and those that did conceive (Amin et al., 2019). 
It appears that MDA as well as the other SO indicators were not associated with the success of insemination in 
heifers. Celi et al. (2012) suggested that changes in plasma biomarkers of oxidative stress could not quantitatively 
reflect the modifications due to stress in reproductive tissues. Recently, Oliver et al. (2020) identified in beef heifers 
a set of genes that are expressed in the endometrium of heifers, by acting on the increase in oxidoreductase activity 
with the number of services required for become pregnant. This set of genes was involved in the catalysis of redox 
reactions, which have been associated with oxidative stressors having an impact on successful gestation. However, 
no loci were associated or any amplified gene set in the rate of conception at first service (Oliver et al., 2020). 
Furthermore, GST, GSH and GPx are essential indicators for evaluating the antioxidant system in plasma and they 
complement each other as they are dependent on glutathione. (Bernabucci et al., 2005) report that GSH is 
considered a more accurate indicator of a cell's antioxidant capacity and that GSH activity was higher in post-calving 
cows than in pre-calving cows. Our results support those of (Schuermann et al., 2019) that found no difference in 
GSH levels between lactating cows and nulliparous heifers during the pre-calving and post-calving periods. 
 SOD protects cells against oxidative damage by catalysing the superoxide anion radical. Heifers fed with a high-
concentrate diet had higher antioxidant capacity resulting in higher plasma total antioxidant capacity and 
superoxide dismutase (SOD) than heifers fed with a low-concentrate diet (Zhang et al., 2020). Nazari et al. (2019) 
found an association between low plasma levels of SOD with non-pregnancy and abortion in Holstein dairy cows. 
On the whole, the biomarkers of oxidative and metabolic status did not reveal significant differences between 
positive and negative inseminations (Celi et al., 2012). Indeed, nitric oxide (NO) often acts directly on the ovarian 
blood vessels and various cells, such as granulosa, theca and luteal cells (Amin et al., 2019). Furthermore, it is known 
CAT and MPO are associated to oxidative stress and immune function, specifically the role of neutrophils in down-
regulating inflammation after the immune response (LeBlanc, 2020; Li et al., 2020). Overall, this can be explained 
mainly by the fact that both groups of animals were in apparent good health. Indeed, the majority of the studies 
carried out involved SO most often in pathological (Bozukluhan et al., 2018; Doyle et al., 2016) or physiological 
situations where the transition period chosen as the reference period in dairy cows (Colakoglu et al., 2017; Folnozic 
et al., 2015; Tanh et al., 2011) or the comparison between groups supplemented with antioxidants compared to 
those not supplemented (Abuelo et al., 2016a; Haser and Furll, 2015; Kahlon and Singh, 2003). Although, in cows 
the mobilisation of fat reserves can create a dysfunction of the mitochondrial metabolism, which will lead to an 
increase in oxidative stress especially in early lactation (Abuelo et al., 2016a; Bernabucci et al., 2005), in heifers the 
negative energy balance and metabolic stress are of lesser importance when the markers of metabolic stress are 
compared (Pryce et al., 2004). Furthermore, Abuelo et al. (2014) report that colostrum has a significant effect on 
the oxidative status of calves and passive immune transfer as well as the highest risk of BSE is found when calves 
were fed a substitute for artificial milk. Indeed, antioxidant defence increase over time in the plasma of new-born 
calves (Ranade et al., 2014). 
 
Conclusion 
The oxidative and biochemical biomarkers measured in this study were not related to the success of insemination 
in heifers. Since maintaining the oxidative balance is rather complex, further studies are needed to clarify the role 
of oxidative status on heifer fertility. 
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